Background: Children growing up on small family farms are at much lower risk of developing allergy than other children. We hypothesized that low intake of margarine and polyunsaturated fats among farming families could contribute to this protection. Methods: Twenty-eight mother-infant pairs living on small dairy farms and 37 nonfarm rural resident pairs were recruited in the FARMFLORA birth cohort. Food items expected to affect dietary fat composition were recorded by food frequency questionnaires during pregnancy and by 24-h recalls followed by 24-h food diaries during lactation. Allergy was diagnosed by doctors, using strict predefined criteria. Maternal diet and breast milk fat composition were compared between farming and nonfarming mothers and related to children's allergy at age 3 y. results: Farming mothers consumed more butter, whole milk, saturated fat, and total fat than nonfarming mothers, who consumed more margarine, oils, and low-fat milk. Farming mothers' breast milk contained higher proportions of saturated and lower proportions of polyunsaturated fat. Allergy was eight times more common in nonfarm children. Mothers of allergic children consumed more margarine and oils than mothers of nonallergic children. conclusion: Low maternal consumption of margarine and vegetable oils might contribute to the allergy-preventive effect of growing up on small dairy farms.
t he prevalence of allergy rose dramatically during the 20th century in Western countries. In Sweden, allergies affect almost every third child, thereby being the most common chronic disease in the young (1). The etiology of allergy is multifactorial and the underlying factors of the rise in allergies are not yet established. Farmers' children have markedly low incidence of allergy (2) (3) (4) (5) . Protective factors such as regular contact with livestock (4-6) and intake of unpasteurized farm milk (6,7) have been identified but cannot fully explain the low allergy prevalence in farmers.
Farm children have been found to have a higher butter and whole milk intake, as well as a lower intake of margarine and low-fat milk, compared with nonfarm children (8) . Consumption of margarine and vegetable oils has increased in parallel with the rise in allergies, as observed by Black and Sharpe in 1997 (9) . They proposed that a high intake of margarine and accompanying omega-6 polyunsaturated fatty acids (PUFAs) was underlying the rise in allergy prevalence (9) . Later, Sausenthaler et al. identified margarine as a risk factor for developing allergic diseases in a systematic review of fat intake and allergy (10) .
We hypothesized that higher intakes of dairy products and saturated fats and lower intakes of margarines, vegetable oils, and omega-6 (n-6) PUFAs in farmers compared with nonfarmers may contribute to the lower prevalence of allergy in farm children. The FARMFLORA birth cohort was established to investigate lifestyle factors of a farming environment in relation to allergy-related parameters. Mother-children pairs, who lived either on small dairy farms or in the same rural area but not on farms, were studied. To investigate the very early effect of dietary exposure on allergy development in the present study, diet during pregnancy and lactation as well as breast milk fatty acid composition were compared between farming and nonfarming mothers and related to allergy in the children at 3 y of age. Table 1 , alongside characteristics of healthy and allergic nonfarm children. In the farming group, paternal allergic heredity and allergy prevalence was markedly lower compared with the nonfarming group (4 vs. 32%, P = 0.004); also paternal Articles educational level and proportion of male gender were lower ( Table 1) . Paternal heredity did not differ between healthy and allergic subject (29 vs . 30%, P = 1.0), nor did any other variable except for duration of exclusive and partial breast-feeding ( Table 1) . Two farming mothers with nonallergic children reported intake of fish oil supplements during lactation.
RESULTS

Characteristics of farm and nonfarm children are displayed in
Diet in Farming and Nonfarming Mothers
To examine dietary differences between farming and nonfarming mothers, a multivariate regression model using Orthogonal Projections to Latent Structures -Discriminant Analysis (OPLS-DA), was used. The final model (R 2 = 0.28 and Q 2 = 0.39), including variables with the strongest discriminatory power (Variable Influence on Projection (VIP) ≥ 1.0), contained only one (predictive) latent variable. Beside the multivariate OPLS-DA, univariable analyses (Mann-Whitney U-test) were performed on all variables to obtain P values. Information about differences that were found to be significant in univariable analysis were added in retrospect to the figures of the multivariate models. In Figure 1 , the OPLS-DA loading column plot shows that farming mothers consumed more butter during pregnancy (P = 0.02), while nonfarming mothers consumed more margarine (P = 0.001), margarine and oils in total (P < 0.001), and low-fat milk (P = 0.009); actual intakes are shown in Table 2 . Similar findings were made during lactation; farming mothers consumed more full-fat milk (P = 0.02) and saturated fatty acids (P = 0.03) than nonfarming mothers (Figure 1, Table 2 ). A larger percentage of the energy was derived from saturated fat (P = 0.003) and fat in total (P = 0.03) in farming than nonfarming mothers (Figure 1 , Table  2 ). Nonfarming women also consumed more margarine and margarine plus oil during lactation, according to the OPLS-DA model (Figure 1) , although the difference did not reach significance in the Mann-Whitney U-test (P = 0.14 and 0.20, respectively; Table 2 ).
Fatty Acids in Breast Milk in Farming and Nonfarming Women
Breast milk collected at 4 mo postpartum was analyzed regarding the proportion of a range of saturated and unsaturated fatty acids (Figure 1) . The breast milk of farming mothers contained higher proportions of saturated fatty acids compared to nonfarming mothers' milk (8.6 vs. 7.3%, i P = 0.005), which instead contained significantly higher proportions of linoleic acid (n-6; 10.9 vs. 9.0%, P = 0.01) and alpha-linolenic acid (n-3; 1.4 vs. 1.1%, P = 0.01) than that of farming mothers.
Diet and Breast Milk Fatty Acid Pattern in Mothers of Healthy and Allergic Children
One of 28 (4%) farm children and 10 of 37 (32%) nonfarm children developed allergy at 3 y of age (Table 1) , which has previously been reported (11) . We compared the diet during pregnancy of mothers of allergic and healthy children, as well as breast milk fatty acid composition. Any allergy was used as outcome, due to the small sample size of the study. The final OPLS-DA model included one component (VIP ≥ 1.0, R 2 = 0.24 and Q 2 = 0.39; Figure 2 ). Mothers of allergic children consumed more margarine, margarine plus oils, and low-fat milk during pregnancy (P = 0.01, 0.003, and 0.02, respectively) as well as more margarine and margarine plus oils during lactation (P = 0.02 and 0.03, respectively), compared with mothers of healthy children (Figure 2, Tables 3  and 4) . Breast milk of mothers of allergic children contained higher proportions of the monounsaturated fatty acid 18:1 n-9 (39.1 vs. 36.4%, P = 0.04) than that of mothers of healthy children, which instead contained higher proportions of the saturated fatty acid 18:0 (7.8 vs. 6.8%, P = 0.04) and the longchain omega-3 PUFA docosahexaenoic acid (DHA; 0.2 vs. 0.1%, P = 0.03; Figure 2 ). Mothers of healthy children also had a lower arachidonic acid to DHA ratio (1.5 vs. 2.0, P = 0.03; Figure 2) .
As allergic children were almost exclusively found in the nonfarming group, differences between allergic and healthy infants could simply reflect differences between nonfarming and farming diets. To address this problem, an OPLS-DA model (VIP ≥ 1.0, one component, R 2 = 0.24 and Q 2 = 0.39) was made to evaluate maternal diet of allergic and nonallergic children in the nonfarming group only (Figure 3) . Actual intakes are displayed in Tables 3 and 4. Maternal intake of margarine, as well as margarine and oils in total, remained strongly discriminatory variables in the OPLS-DA model, both during pregnancy and lactation. Mothers of allergic infants consumed significantly more margarine and margarine plus oils during lactation than mothers of healthy infants (P = 0.03 Multivariable analysis. Logistic regression with margarine and oil intake during pregnancy or lactation as explanatory variables and allergy as outcome was performed on nonfarmers.
Variables were included as covariates if P ≤0.2 in univariable analysis, i.e., duration of exclusive and partial breast-feeding (P = 0.02 and 0.04, respectively), maternal heredity (P = 0.11), gestational weight (P = 0.18), and cesarean section (P = 0.17; Table 1 ). Due to the small group of allergic subjects (n = 10), the covariates were entered independently in separate models ( Table 5) . Since only one farm child developed allergy, the models included nonfarmers only, to avoid confounding between being healthy and being raised on a farm. The crude odds ratio for every portion of margarine and oil consumed per day (1 portion = 5 g, Swedish National Food Agency, 2001) was 1.91 (95% confidence interval: 1.02-3.56, P = 0.04) during pregnancy and 1.50 (95% confidence interval: 1.02-2.21, P = 0.04) during lactation ( Table 5 ). The odds ratios did not decrease substantially in any of the adjusted models, suggesting little influence of covariates ( Table 5) .
Correlations Between Intake of Food Items and Breast Milk Fatty Acids
A selection of correlations between the intake of food items during pregnancy and lactation and proportions of fatty acids in breast milk at 4 mo postpartum is presented in Table 6 . Intake of margarine and oils reported during pregnancy correlated with the proportion of both linoleic and alpha-linolenic acid in breast milk (P = 0.02 for both); the same tendency was observed during lactation (P = 0.17 and 0.06, respectively). Alpha-linolenic acid in breast milk correlated with margarine intake alone, both during pregnancy and lactation (P = 0.03 and 0.02, respectively); this was the case also for correlations between the reported intake of fatty fish and DHA in breast milk (P = 0.02 and 0.01, respectively).
DISCUSSION
Children raised on farms are known to have reduced risk of developing allergy (2) (3) (4) (5) . Despite the small cohort studied here, we found a significant protection of living on a small dairy farm, Fifteen subjects excluded: 5 (farmers) lacked maternal dietary data during pregnancy, 1 (farmer) dropped out due to personal reasons, 1 (nonfarmer) changed residence, 7 (2 farmers) were allergic at 1.5 y but not 3 y, and 1 (farmer) lacked allergy diagnosis at 3 y. Articles a finding previously reported (11). Our hypothesis was that this partly could be explained by differences in fat composition of diet and breast milk of farming and nonfarming mothers.
Farming mothers reported a higher consumption of full-fat dairy products and saturated fats as well as a lower intake of margarine and oils. Mothers of allergic children were found to have a higher intake of margarine and oils than mothers of healthy children; the odds ratios did not decrease substantially by the influence of covariates, neither during pregnancy nor lactation. High margarine intake in pregnant women has previously been shown to be associated with eczema in their 2-y-old offspring (12) , and maternal margarine intake during lactation has been reported to be a weak risk factor for asthma in the children at 5 y of age (13) . Moreover, margarine intake in childhood has been associated with different allergies (14) (15) (16) (17) (18) (19) (20) , as has consumption of margarine in adolescent/adulthood (21-23); while other studies have failed to find such associations (24) (25) (26) (27) (28) (29) (30) .
The differences in maternal dietary habits between farm and nonfarm children observed in our study are in line with those previously reported in a Finnish study, where lower consumption of margarine and low-fat milk and higher intake of butter and whole milk were observed in 6-to 13-y-old farm children compared with nonfarm children (8) . However, allergy prevalence was not examined in the Finnish study and fatty acid consumption not evaluated. Sensitization (production of IgE antibodies as reflected in skin prick test) was inversely related to regular animal contact but not linked to a specific food item (8) . Accordingly, we found no relation between dietary fats and the degree of sensitization in our study (data not shown) and sensitization was equally prevalent in the farming and nonfarming group (11) .
Possible alternate factors explaining the association found between margarine and oil intake and allergy in the nonfarming mothers should be considered. Families that consume margarine and oils instead of butter might be families that are more prone to follow dietary guidelines, which in turn might be families with higher socioeconomic status. High socioeconomic status have been associated with higher risk of allergy development, possibly explained by limited microbial stimuli that may be important for proper maturation of the immune system according to the "hygiene hypothesis. " In our study, socioeconomic status was measured by educational level. The educational level of allergic nonfarming fathers was insignificantly higher than that of healthy nonfarming fathers. However, the opposite was found for mothers, i.e., the educational level Twenty-seven subjects excluded: 12 (5 farmers) were no longer breast fed, 7 (2 farmers) lacked maternal dietary data during lactation, 7 (2 farmers) were allergic at 1.5 y but not 3 y, and 1 (farmer) lacked allergy diagnosis at 3 y. c seventeen subjects excluded: 8 were no longer breast fed, 4 lacked maternal dietary data during lactation, and 5 were allergic at 1.5 y but not 3 y. Articles of allergic nonfarming mothers was insignificantly lower than that of healthy nonfarming mothers. Since the P values were higher than 0.2, educational level was not considered to be a potential confounder for the relationship between margarine and oil intake and allergy development. We found maternal consumption of margarine and oils to correlate moderately with breast milk proportions of the PUFAs linoleic acid (n-6), alpha-linoleic acid (n-3), and the monounsaturated fatty acid 18:1 (n-9), which are found in relatively large quantities in margarines and oils. Mothers of allergic children had higher proportions of 18:1 n-9 in breast milk compared with mothers of healthy children. This was, however, not observed when nonfarmers where compared with farmers.
Maternal and children's intake of fish has repeatedly been found to be inversely associated with allergy development (27, (31) (32) (33) . In our study, breast milk proportions of the long-chain omega-3 fatty acid DHA (mainly found in fatty fish) were significantly higher in mothers of healthy children than in mothers of allergic children. The association weakened when only nonfarmers were analyzed; this is likely due to a decrease in power as a result of the decreased study sample, since no difference in breast milk proportions of DHA was found between farming and nonfarming mothers. The proportions of DHA in breast milk correlated with consumption of fatty fish, both during pregnancy and lactation. These findings might reflect a protective effect of high proportions of DHA in breast milk per se or a protective effect of maternal fish intake, mediated not only by long-chain PUFAs. Along this line, intake of fatty fish was insignificantly higher during pregnancy in mothers of healthy children.
The small study population is a limitation with respect to low power, which might explain the weak P values for the differences in margarine and oil intake between mothers of healthy and allergic children. Also, in the context of multiple comparisons, false positives may be a problem and our results must be interpreted with caution. However, the small study sample has allowed us to collect detailed information of allergy diagnoses and fat composition of diet and breast milk as well as demographic data. Additionally, no information was collected on families that did not volunteer to participate in the study, hence differences between infants recruited to the FARMFLORA cohort compared with infants who were not recruited were not analyzed. A general assumption is that parental educational level might have been higher for those interested in participating in the study. However, we have no reason to believe that this would affect our conclusion, since parental educational level did not differ significantly between healthy and allergic infants according in our cohort.
Consumption of unpasteurized farm milk has been proposed to protect against allergy development (6, 7) . According to the dietary assessments during lactation, none of the children in our study were given any form of farm milk during the first 4 mo. The Swedish National Food Agency strongly discourages intake of unpasteurized milk, especially in children, as do well-baby clinics, due to the risk of infection. Half of the farming mothers reported consumption of farm milk. However, as only a single child in the farming group developed allergy, we could not examine whether maternal intake of fresh farm milk contributed to the allergy protection.
In conclusion, our results suggest that a maternal diet low in margarine and oils to a moderate extent may contribute to the allergy-protective effect of growing up on dairy farms. Current dietary recommendations for pregnant women include an exchange of saturated for unsaturated fats, which might lead to an increased consumption of margarines and oils. Intervention studies of margarine and oil consumption during pregnancy and lactation are warranted to evaluate a causal relationship with allergy development in the offspring.
METHODS
Subjects
The FARMFLORA birth cohort comprises 28 infants raised on small family-owned dairy farms and 37 infants from rural resident nonfarming families, in the Skaraborg County in South-West Sweden. Pregnant women were recruited at maternity clinics between September 2005 and May 2008. Children born at term (gestational week 36-42) were included after written informed consent from both parents. Subjects from dairy farms with infrequent animal contact, from farming milieus other than dairy farms, or urban milieus were excluded. The study was approved by the Regional Ethics Committee in Gothenburg (No. 363-05).
Dietary Assessment
The mothers' food intake during pregnancy was reported in a semiquantitative food frequency questionnaire, which was mailed shortly after delivery. The questionnaire was based on the Northern Sweden 84-item food frequency questionnaire (34) , extended to comprise approximately twice as many food items as the original version to capture details about, e.g., fat-containing foods (35) . Frequencies were reported on a nine-level scale: never/seldom, once a month, twice a month, once a week, two to three times a week, four to six times a week, once a day, two to three times a day, and more than or equal to four times a day. Frequencies were converted to intake in grams per day based on reported portion sizes or, when not reported, standard portion sizes according to the Swedish National Food Agency (2001).
Maternal diet during lactation was assessed 4 mo after delivery by a 24-h dietary recall, followed by a 24-h food diary. The recalls were performed as telephone interviews using a modified version of the US Department of Agriculture's five-step multiple-pass method (36) including questions about (i) all foods and beverages consumed during the past 24 h, (ii) foods often forgotten, (iii) time and occasion of the afore mentioned food intake, (iv) portion sizes and amounts of all ingested foods and beverages; household measures were used instead of food model booklets. The fifth step included in the original method (final probe review) was excluded to facilitate the interview.
The following 24 h, food diaries were performed. Participants were instructed to maintain their regular dietary habits and register in detail everything consumed during the 24 h. Nutrient and energy composition of the diet during lactation was calculated based on the food composition database of the Swedish National Food Agency (2007) using the software Diet 32 (Aivo AB, Stockholm, Sweden; 11 April 2008).
Collection of Breast Milk and Analysis of Fatty Acid Composition
Four months postpartum, ~5 ml of breast milk was expressed manually, in conjunction with a breast-feeding meal at any time of the day. Samples were directly frozen at −20 °C in sterile plastic tubes and transferred to storage at −80 °C within 6 mo after collection.
Fatty acids in the total lipid fraction of breast milk were analyzed by gas chromatography after conversion to methyl esters (37), as earlier described (28) . Two columns were used: a fused silica SPB-5 
Clinical Examination
The children were clinically examined by pediatricians at 1.5 and 3 y of age to diagnose food allergy, eczema, asthma, and allergic rhinoconjunctivitis according to predefined protocols (38) . Sensitization against common food (6-mix food) and inhalant allergens (Phadiatop) were assessed by blood tests (Phadia, Uppsala, Sweden). Atopic eczema was diagnosed according to William's criteria (39) ; for a diagnosis at 3 y of age, symptoms had to be present after age 2 y. Food allergy was defined based on immediate or late-onset reactions that rapidly improved after allergen elimination. The diagnosis was supported by open food challenge tests and/or positive 6-mix food test (Phadia), followed by ImmunoCAP tests (Phadia) for identification of the relevant allergen. Asthma was diagnosed based on either persistent wheezing for ≥4 wk or more than or equal to three wheezing episodes combined with either: (i) eczema, allergic rhinoconjunctivitis, or food allergy or (ii) a response to leukotriene antagonists or inhaled glucocorticoids. For an asthma diagnosis at 3 y of age, at least one wheezing episode had to have occurred after 2 y of age. Allergic rhinoconjunctivitis was defined as eye or nose symptoms after exposure to pollen or animal dander, combined with demonstration of allergen-specific IgE test to the corresponding inhalant allergen (Phadiatop; Phadia).
Statistical Methods
Multivariate analysis. Orthogonal projections to latent structures with discriminant analysis (OPLS-DA) (40) was used to visualize dietary and breast milk fatty acid patterns in farming and nonfarming mothers, as well as mothers of healthy and allergic children (Simca 13.0; Umetrics, Umeå, Sweden). In OPLS-DA, separation of the subjects into predetermined groups (e.g., farmers and nonfarmers) is attempted based on a large number of variables. The contribution of each variable to the separation of the groups, i.e., the VIP value, was calculated for all models. Variables with a VIP value less than 1.0 were discarded and new models were generated based on the remaining variables. The discriminatory power of the variables is displayed in one-dimensional loading plots; error bars denote the 95% confidence level, computed by jack-knifing (estimation of bias and variance based on subsets of the available data). Model validation was performed by cross-validation. In OPLS-DA, the y-variable is a dummy vector of zeros and ones, describing the samples' class affiliation. High cumulative fractions of variance of y explained (R 2 ) and predicted by cross-validation (Q   2   ) are measures of quality of the model (the closest to one the better). Moreover, in OPLS, large numbers of variables in a moderate number of observations can be analyzed. The variables need neither to be normally distributed, nor independent of one another (41 
